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Multi-constituent satellite data assimilation using EnKF
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Simultaneously optimise chemical concentrations and emissions (NOx, CO, SO2) of various species.
Improves the representation of the entire chemistry system incl. OH, which benefits the emission estimates




Assimilation of multiple satellite data

DA scheme EnKF, 48 members

CHASER (MIROC-ESM)

F t model
orecast moge 92 species & 262 reactions for Troposphere/Stratosphere

State vector NOx, CO, SOz emissions, lightning NOx, 35 chemical species

OMI, SCIAMACHY, GOME-2 NO2 (QA4ECV),
Assimilated data OMI SOz (NASA PCA), TES O3 (v6),
MOPITT CO (v7J), MLS O3, HNO3 (v4.2)

A priori emissions EDGAR v4.2 (or HTAP v2), GFED v3.1, GEIA

(horizontal) 1.1x1.1 deg

Resolution (vertical) 32 layers from the surface to 4 hPa

o g
P G5
. Gu T . \
oAy N F o ,, EOS MLS \
: 7 - By - Y s st
O A_ R - g ;.m:?
Pl g e arome
g e aad
. | olbmale
oy { i
- : & . - |
v : .

YOMI»

Atmospheric Infrared Sounder



Tropospheric chemistry reanalysis (TCR) @ :

long-term global fields that are physically and chemically consistent and in
agreement with individual observations
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The consistent concentration and emission reanalysis data can be used to

(1) improve the understanding of the processes controlling the atmospheric environment
(2) provide initial and boundary conditions for climate and chemical simulations

(3) evaluate models/bottom-up emission inventories

(4) suggest developments of models and observations



Global NOx and CO trends from TCR
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Attribution of changes in air quality
Redlstrlbutlon of anthropogemc NOx em|55|ons (economy, trade etc.. )
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< Provides implications for air quality, human health, and ecosystem
~ Would require long-term tropospheric ozone data for further improvements




Tropospheric Ozone Profile Maps from the Synergic

Observation of AIRS and OMI:
Updates on Validation and Science Application for KORUS-AQ
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Joint LW/SW or ultra-high spectral resolution measurements distinguish upper/lower troposphere
> TIR observations are sensitive to the free-tropospheric trace gases.
> UV-Vis-NIR observations are sensitive to the column abundances of trace gases.



Bowman, Atm. Env. 2013
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How does the constellation improve knowledge of global air quality?

> QEO sounders (GEO-CAPE, TEMPO, Sentinel-4, GEMS) will provide an unprecedented
number of composition observations at high spatial resolution.

> LEO sounders (IASI, CrlS, S5p) provide the global picture and thread the GEO
observations together.




Joint LW/SW or ultra-high spectral resolution measurements distinguish upper/lower

troposphere.

> TIR observations are sensitive to the free-tropospheric trace gases.
> UV-Vis-NIR observations are sensitive to the column abundances of trace gases.
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JPL MUSES algorithm delivers both retrieved trace gas concentration profiles
and observation operators needed for trend analysis,

evaluation, and data assimilation.
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> ~Hoint AIRS+OMI0; vs. TES Glob

Joint AIRS/OMI H¢
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> The correlation coefficients of joint AIRS+OMI vs. TES ozone data: 0.71 - 0.92 for all months.

> The characteristics of the joint AIRS+OM I retrievals, in terms of vertical sensitivity and estimated
uncertainty characteristics, are equivalent to those of TES data.
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> Passed retrieval quality check
> Distance < 300 km; Time diff. < 4 hours
> Day Time

> Cloud optical depth < 2.0




Chemical reanalysis and AIRS/OMI ozone applications
for the NASA KORUS-AQ aircraft campaigns

Reanalysis ozone at 700 hPa

May-Jun 2016
South Korea
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persistently higher over Seoul (76.0+7.9ppbv) than over the broader domain (70.949.4ppbv)



Mean profile

Bias

Chemical reanalysis and AIRS/OMI ozone applications
for the NASA KORUS-AQ aircraft campaigns

Pressure [hPa]

Pressure [hPa]

Seoul outside Seoul
N\
T
(Al
c
500 '6' 500 k-
5
A
4]
(a
1000 . 7‘2"— 1000 . .
60 80 100 60 80 100
O3 [ppbv] O3 [ppbv]
Bias Bias
T
(a8
<
500 'g' 500 k-
5
a
9]
(a
1000 : 1000 .
20 10 0 20 10 0
O3 [ppbv] O3 [ppbv]

Pressure [hPa]

Pressure [hPa]

Sonde
Taehwa

500+

1000

/S T
/

L1

~

60 80 100
O3 [ppbv]

Bias

500+

1000

-20

-10 0
O3 [ppbv]

O3 profiles

Observation
Model

Reanalysis

Model bias: 10-20 ppb
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none of tropospheric O3
obs was assimilated!

+ new AIRS/OMI products from the NASA JPL MUSES algorithm

could help further improve the ozone analysis and in the quantitative attribution of
anthropogenic emissions and natural influences of pollutants.




Assimilation of AIRS/OMI tropospheric O3 profiles

510 hPa

Reanalysis Reanalysis + AIRS/OMI

Obs (AIRS/OMI)

-120 -60 0 60 120
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[ppb]

B Model
650 hPa = Reanalysis e Assimilation of AIRS/OMI retrievals provided
AIRS/OMI DA
b " Reanalysis+AIRS/OMI DA the largest corrections for dynamic weather

conditions (P1), whereas the improvement
was limited just after stagnant conditions (P3).

e Combining precursors’ emission optimization
and direct ozone assimilation is an effective
method to obtain sufficient corrections on

Phase 1 Phase 2 Phase 3 Phase 4 ozone for any meteorological condition.
Comparisons against KORUS-AQ DC8 ozone

Ozone bias relative to DC-8 (ppb)
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Source-receptor analysis 900 hPa ozone
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A

The AIRS/OMI retrievals have been configured in two modes: global survey (GS) & regional mapping (RE).

> @GS mode
“*Provides profile data with a spatial sampling similar to TES global survey
v Year 2006, 2007, 2008
v March-June 2016
v December 2017 to present
**GS data are available via the link (AIRS-OMI| combined products)  at https://tes.ipl.nasa.gov/data/

> RE mode

“*Processes all available measurements for flight campaigns including
v KORUS-AQ, Apr-Jun 2016
v" ORACLES, Aug, Sept 2016
v POSIDON, Sept, Oct 2016

*+KORUS-AQ (Apr-June 2016) RE data are available at https://tes.jpl.nasa.gov/data/

Data products have been saved in HDF format (same as in NASA EOS L2 products)

2005 2010 2017

TES
O3

AIRS/OM | - e

O; .
i alysis
can be further extended for improving decadal ozone reanaly



https://avdc.gsfc.nasa.gov/pub/data/satellite/Aura/TES/AIRS_OMI/
https://tes.jpl.nasa.gov/data/
https://tes.jpl.nasa.gov/data/

HAQAST Tiger Team on background ozone

Background ozone is the focus of one of four HAQAST Tiger Teams selected for

FY19: “Satellite-Evaluated and Satellite-Informed Ozone Distributions for Estimating

U.S. Background Ozone”.

The stakeholder needs addressed by the Background Ozone TT are:

« Accurate specification of boundary conditions for regulatory air quality and health
modeling

» Reliable estimates of ozone attributable to background sources, including

separate quantification of natural ozone and that transported from other nations,
particularly during high-ozone episodes

Sources of US Background Ozone

-— _—_




Tiger Team goal and proposed simulations

Goal: improve the quantification of background ozone in SIPs, a critical component of the
development of our stakeholders’ attainment plans. To do so, we will:

Provide a coordinated set of boundary conditions for ozone, background ozone (no
U.S. anthropogenic emissions), and natural ozone (no global anthropogenic
emissions) for 2016 from multiple global models that are evaluated with or informed
by satellite data.

Establish ‘best practices’ for evaluating models with satellite ozone measurements,
and for evaluating satellite-informed simulations with independent datasets such as
those from surface stations and ozonesondes.

Boundary Conditions From Satellite- Fiore Neu Pierce
Evaluated Models (Feb 2019) Henze

Boundary Conditions from Satellite- Neu (OMI NO,, AIRS/OMI O, Pierce (OMI NO,, O5, AIRS CO,
Informed Models (Apr 2019) MLS O,) MLS O,;, MODIS AOD)

Henze (OMI SO,, NO,)

Background and Natural O; (U.S. and Neu (Standard model)
global Anthropogenic Emissions set to Neu (OMI NO,, MLS O,)

0) (Apr 2019) Henze (OMI SO,, NO,)
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Summary

* A 13-year tropospheric chemistry reanalysis has been conducted using multi-
constituent multi-sensor satellite data assimilation, in order to provide
comprehensive information on atmospheric composition variability.

* The reanalysis data, combined with suborbital and ground-based measurements,
has been used to improve our understanding of atmospheric composition and
their impacts on air quality and climate.

* The observation operators of joint AIRS/OMI data products enable data
assimilation, e.g., “CHASER-DA”, demonstrating the significant impacts on
ozone distributions

e Assimilating datasets from a new constellation of LEO sounders (e.g., IASI,
AIRS, CrlS, Sentinel-5p, and Sentinel-5) and GEO satellites (Sentinel-4, GEMS,
and TEMPO) will provide more detailed knowledge of ozone and its precursors



